We study a new scenario for baryogenesis due to the spontaneous breaking of the CP T invariance through the interaction between a baryon current and a hypermagnetic helicity. The hypermagnetic helicity (Chern-Simons number) of U (1) Y provides a CP T violation background for the generation of baryons via sphaleron processes, which protects these baryons from the sphaleron wash-out effect in thermal equilibrium. It is shown that if the present amplitude of the resultant magnetic fields are sufficiently large, for a wide range mass scale (from TeV to the Planck scale), the observational magnitude of the baryon asymmetry of the Universe can be realized.
The origin of the matter-antimatter asymmetry of the Universe is still an unsolved problem. The magnitude of the baryon asymmetry of the Universe (BAU) is characterized by the ratio of the baryonic number density n B to the entropy density s, which is observationally estimated as n B s = 0.92
+0.06
−0.04 × 10 −10 ,
by using the first year Wilkinson Microwave Anisotropy Probe (WMAP) data on the anisotropy of the cosmic microwave background (CMB) radiation [1] . There exist various scenarios to explain the observational value in Eq. (1) from the baryon symmetric universe [2] [3] [4] . Under the assumption of the CP T invariance, Sakharov stated that three conditions are necessary to generate the BAU: (i) baryon number violation, (ii) C and CP violation, (iii) a departure from thermal equilibrium [5] . However, if the CP T invariance is violated in the early universe, the condition (iii) is no longer necessary [2, 6] . An effective mechanism of this idea with a derivative scalar field coupled to the baryon current was first proposed by Cohen and Kaplan [7] , which is called "spontaneous baryogenesis". If the time derivative of the scalar field has a non-zero expectation value, this interaction violates the CP T invariance spontaneously and hence an effective chemical potential difference between baryons and antibaryons is produced.
On the other hand, it has been pointed out [8] [9] [10] [11] that hypercharge electromagnetic fields can play a significant role in the electroweak (EW) scenario [3, 12, 13] for baryogenesis. In particular, Giovannini and Shaposhnikov (GS) [9] have shown that the Chern-Simons number stored in the hypercharge electromagnetic fields, corresponding to the hypermagnetic helicity, is converted into fermions at the electroweak phase transition (EWPT) due to the anomaly if it is strongly first order [9] , while the hypermagnetic fields are replaced by the ordinary magnetic fields, which survive after the EWPT up to the present time and hence can be cosmic magnetic fields observed in galaxies and clusters of galaxies.
The most natural origin of large-scale hypermagnetic fields before the EWPT is hypercharge electromagnetic quantum fluctuations in the inflationary stage [14, 15] . If the conformal invariance of the Maxwell theory is broken by some mechanism in the inflationary stage [14, 16] , hypercharge electromagnetic quantum fluctuations exist even in the conformal flat
Friedmann-Robertson-Walker (FRW) spacetime. Furthermore, if the hypercharge electromagnetic fields couple to an axion-like pseudoscalar field with a time-dependent expectation value, the hypermagnetic helicity can be generated [17] [18] [19] [20] . (Incidentally, in Ref. [17, 21] baryogenesis due to the above coupling has been discussed. Moreover, in Ref. [22] helical magnetic fields from sphaleron decay and baryogenesis have recently been considered.) In this case, the scale of the hypermagnetic fields with the helicity can be larger than or equal to the Hubble horizon. As a result, the homogeneous baryogenesis over the whole present universe can be realized [20] .
In this Letter, we propose a new scenario for baryogenesis through the CP T -even dimension-six Chern-Simons-like interaction given by Geng, Ho and Ng (GHN) in Ref. [23] .
We will concentrate on the interaction between a baryonic current and a hypermagnetic helicity. This type of the helicity can be produced much before the EWPT as hypercharge electromagnetic quantum fluctuations in the inflationary stage through some breaking mechanism of the conformal invariance of the hypercharge electromagnetic field. It is clear that, in the standard model (SM) we cannot use the GS mechanism [9] to induce baryogenesis as the EWPT is not first order [24] and the resultant baryons will be destroyed by the sphaleron processes [25] (see also [26] ). In our new scenario, however, because the CP T invariance is broken spontaneously [27] by the hypermagnetic helicity with its non-zero classical expectation value, the resultant baryons will not be destroyed by the sphaleron processes even in the SM [28] .
In our study, we will adopt the Heaviside-Lorentz units and k B = c =h = 1 and assume the spatially flat FRW spacetime with the metric
where a(t) is the scale factor.
We start with the CP T -even dimension-six Chern-Simons-like effective interaction [23] :
where
coupling parameter, S is the Stückelberg for maintaining the general gauge invariance [29] , and M = Λ/4π with Λ being the scale of the effective interaction. Here, ǫ µνρσ is the totally anti-symmetric Levi-Civita tensor with the normalization of ǫ 0123 = +1. Note that in Eq.
(3) we have extended the electromagnetic field and neutrino current in the interaction given by GHN [23] to the hypercharge field and any fermion current, respectively.
In Ref. [23] , it is concluded that the fermion current j ν to a comoving observer has the form:
where n ψ and nψ are the number densities of the fermion ψ and antifermionψ, respectively.
It is interesting to note that, as pointed out in Ref. [23] , the modified interaction would originate from superstring theory, in which the role of the Stückelberg field is played by the anti-symmetric Kalb-Ramond field B µν . In the homogeneous and isotropic universe, it is reasonable to assume that this B µν field is only a function of the cosmic time t [30] . Then the second term in Eq. (3) becomes j µ ǫ µνρσ ∂ ν B ρσ , which vanishes in the spatially flat FRW spacetime. Hence, the Lagrangian in Eq. (3) reduces to
where j 0 = n ψ − nψ.
We now consider that j µ is the baryon current and there exists a non-vanishing hypermagnetic helicity before the EWPT. The interaction between the baryon current and the hypermagnetic helicity in Eq. (5) splits the spectrum of the baryons and antibaryons by giving them effective chemical potentials,
which lead to the net baryonic number density in the thermal equilibrium as [31] 
where n b and nb are the baryonic and antibaryonic number densities, respectively, g b counts the internal degrees of freedom of the baryons, and T is the background temperature of the Universe.
The density of the hypermagnetic helicity is defined by
where H Y is the hypermagnetic field. The energy density of the hypermagnetic fields,
, and the density of the hypermagnetic helicity have to satisfy the realizability condition [19, 32] :
where L is the coherence scale of the hypermagnetic fields. In the case of the hypermagnetic fields with its maximum helicity, the effective chemical potential is given by
After the freeze-out temperature T f , it follows from Eq. (7) that the density of the residual baryonic number is given by
where we have neglected the term of O (µ/T ) 3 . After reheating following inflation, a number of charged particles are produced, so that the conductivity of the Universe is much larger than the Hubble parameter at that time. The hypermagnetic fields evolve as
s T 2 due to the magnetic flux conservation, while the entropy density and the coherence scale of the hypermagnetic fields behave as
, respectively, where g s represents the total number of effective massless degrees of freedom referring to the entropy density of the Universe [31] . Note that reheating occurs much before the EWPT.
We emphasize that in our scenario, since the sphaleron effect is served as the source of the baryon number violation, the freeze-out temperature T f corresponds to the background temperature at the EWPT to be T EW ∼ 150 GeV.
Consequently, after putting in the corrected baryon numbers and three generations of quarks, it follows from Eqs. (10) and (11) that the baryon-to-entropy ratio at the freeze-out temperature T f is expressed as In summary, we have proposed a new scenario for baryogenesis due to the spontaneous breaking of the CP T invariance through the interaction in Eq. (3). The hypermagnetic helicity can be generated much before the EWPT as hypercharge electromagnetic quantum fluctuations in the inflationary stage through some breaking mechanism of the conformal invariance of the hypercharge electromagnetic field. In this scenario, the resultant baryons will not be destroyed by the sphaleron processes even if the EWPT is not first order due to the spontaneous breaking of the CP T invariance. We have found that if there are magnetic fields with the field strength B 0 being 10 −24 -10 −9 G on the horizon scale at the present time, while the corresponding mass scale Λ in terms of a baryon current interacting to a hypermagnetic helicity is TeV -M P lanck , the resultant value of the baryon-to-entropy ratio, n B /s ∼ 10 −10 , can be achieved, which is consistent with the magnitude of the BAU suggested by observations obtained from the WMAP. Finally, we remark that if the effective Chern-Simons-like interaction in Eq. (3) is originated from superstring theory with Λ ∼ M P lanck , B 0 should be ≥ 10 −10 G, which can be tested [34, 35] 
